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Specification 

1. Title of the Invention 

Thin Film Formation Method 

2. Scope of Claim 

A method for forming a thin film, characterized in that, after a thin film is 
formed on the surface of a substrate by chemical vapor deposition, a thin film with a 
predetermined thickness is formed on a semiconductor substrate by a sputtering method 
using the substrate as a target. 

3. Detailed Description of the Invention 
Industrial Field of the Invention 

The present invention relates to a thin film formation method in a 
manufacturing process of a semiconductor device. 
Structure of Prior Art and its Problem 

In the manufacturing process of a semiconductor device such as MOSLSI, for 
example, thin films of insulator, semiconductor, or metal are formed several times. As 
the formation method, a CVD method (chemical vapor deposition) under atmospheric 
pressure or reduced pressure, a vacuum deposition method, a sputtering method, or the 
like is selected depending on the kind of thin film. For example, in the manufacturing 
process of an Si gate MOSLSI, an Si02 film or a PSG (phosphosilicate glass) film is 
formed by a CVD method as an interlayer insulating film between a first layer wiring 
formed of poly crystalline Si and a second layer wiring formed of Al. 

The amount of impurities which adversely affect the characteristics of MOSLSI, 
such as heavy metal or alkali ions, contained in an SiOa film or a PSG film formed by a 
CVD method is small. This is because a highly pure reactive gas such as SiH 4 , 0 2 , or 
PH 3 is used in a CVD method since the gas purification is easy. On the other hand, 
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since the CVD method is conducted to form a thin film at low temperature, for example, 
450 °C, the thin film has weak adhesion to the substrate and its density is not sufficient. 
Accordingly, it is necessary to perform heat treatment at high temperature close to 1000 
°C in order to strengthen the adhesion and increase the density so that the film has 
adequate characteristics as an interlayer insulating film. 

As the density of LSI becomes higher, in order to form a MOS transistor with 
fine dimension, it is necessary that the junction depth of source and drain be shallow. 
For example, in order to form a MOS transistor with the gate length of 1.5 |xm, the 
junction depth of source and drain needs to be approximately 0.3 urn. After B is added 
to the source and drain regions by ion implantation, conventional heat treatment at high 
temperature of 1000 °C cannot be performed. Therefore, an SiO? film or a PSG film 
just formed by a CVD method as an interlayer insulating film is not adequately dense, 
so that the film has poor withstand voltage, impurity stopping power, alkali ion trapping 
force, and the like, which are required for an interlayer insulating film. 

In addition, the above-described SiC>2 film or PSG film formed as an interlayer 
insulating film of LSI by a CVD method has poor step coverage over the underlying 
wirings. Therefore, an overlying wiring formed on such SiO? film or PSG film has 
small thickness at where it intersects with the underlying wiring, thin line width when 
forming a pattern by etching, or even easiness of breaking in a bad case. In order to 
solve this problem, a PSG film containing phosphorus at high concentration is formed 
as an interlayer insulating film and subject to heat treatment in an atmosphere 
containing phosphorus at 1000 °C so as to cause a flow, which means so-called reflow 
treatment has been conducted. However, the reflow treatment, which is heat treatment 
at a temperature as high as 1000 °C, also cannot be performed to form a source and 
drain junction that is shallow as described above; therefore, a problem such as thinning 
or breaking of the overlying wiring is often caused in the manufacture of a high density 
LSI. 

As described above, in the manufacturing process of a high density LSI for 
which heat treatment at high temperature cannot be performed, an interlayer insulating 
film formed by a conventional CVD method becomes a major cause of decrease in 
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manufacturing yield and reliability. 
Object of the Invention 

It is an object of the present invention to provide a method for forming a thin 
film, in which the amount of impurities contained is small, having sufficiently good 
characteristics even without conducting heat treatment at high temperature, and a thin 
film forming apparatus. 
Structure of the Invention 

A sputtering method is one of the thin film formation methods. This is a 
method in which a target is bombarded with Ar ions, for example, which are accelerated 
by a high electric field so that the atoms constituting the target are dissociated and 
attached to a semiconductor substrate, for example, which is placed so as to oppose to 
the target; thereby, forming a thin film. 

The feature of the thin film formation method of the present invention is to 
form a thin film on a first substrate by the above-described CVD method, then, using 
the first substrate with the thin film as a target, consecutively form a thin film with a 
desired thickness by a sputtering method on the surface of a semiconductor substrate 
which is placed so as to oppose to the target. 

As already described, the amount of impurities contained in the thin film 
formed on the first substrate by a CVD method can be sufficiently small with the use of 
highly pure reactive gas. 

On the other hand, in a sputtering method, atoms which are dissociated from 
the target have high energy. This is because the atoms are knocked out from the target 
surface by Ar ions with high energy, accelerated by a high electric field, and a thin film 
which is formed by attachment of these high energy atoms to a semiconductor substrate 
surface has a strong adhesion with respect to the semiconductor substrate and is 
sufficiently dense even without heat treatment at high temperature. 

Therefore, as described above, the present invention is to use as a target the 
first substrate with the thin film in which the amount of impurities contained is small, 
formed on its surface by a CVD method, when a thin film with good characteristics is 
formed by a sputtering method. Furthermore, the first substrate which is used as the 
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target is set so as to oppose to a semiconductor substrate, without being contaminated 
from the outside after the thin film is formed. 
Description of Embodiment 

An embodiment of the present invention will be described hereinafter. 

A cross-sectional view of a thin film formation apparatus in this embodiment is 
shown in FIG. 1. 

The thin film formation apparatus shown in FIG. 1 has a film formation 
chamber 1 and a preliminary exhaust chamber 2. In the film formation chamber 1, a 
first substrate such as a quartz substrate 3, for example; a holding electrode 4, 
incorporating a heating device for heating the held quartz substrate 3 and a magnet for 
accelerating electrons at the time of sputtering, which holds the first substrate; a 
sputtering electrode 5; and an opposing electrode 6 are provided. Furthermore, a CVD 
reactive gas introducing pipe 7, a sputtering Ar gas introducing pipe 8, and an exhaust 
pipe 9 leading to an exhaust pump for exhausting the inside of the film formation 
chamber 1 are connected thereto. 

The preliminary exhaust chamber 2 has a semiconductor substrate holder 11 on 
which a semiconductor substrate 10 is placed, and an exhaust pipe 12 leading to an 
exhaust pump is connected to the preliminary exhaust chamber 2. In addition, a door 
13 is provided on a partition wall between the film formation chamber 1 and the 
preliminary exhaust chamber 2; and a carrier device which opens the door 13, places the 
semiconductor substrate 10, and carries the semiconductor substrate holder 11 from the 
preliminary exhaust chamber 2 to the film formation chamber 1 or vice versa is also 
provided. 

A case where a PSG film is formed on the surface of the semiconductor 
substrate 10 with the use of this thin film formation apparatus will be described. 

A plurality of semiconductor substrates 10 are placed on the semiconductor 
substrate holder 11 and set in the preliminary exhaust chamber 2. The door 13 is 
closed and the inside of the preliminary exhaust chamber 2 is exhausted by the exhaust 
pump leading to the exhaust pipe 12. 

On the other hand, in the film formation chamber 1, a PSG film 14 is formed 
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on the surface of the quartz substrate 3 which is the first substrate by a CVD method. 
First, the film formation chamber 1 is exhausted until the degree of vacuum reaches 10" 5 
Torr by the exhaust pump leading to the exhaust pipe 9. In the meantime, the quartz 
substrate 3 held by the holding electrode 4 is heated to 350 °C by the heating device of 
the holding electrode 4. After that, reactive gases of SiH 4 , O2, and PH3 are introduced 
from the reactive gas introducing pipe 7 and the degree of vacuum in the film formation 
chamber 1 becomes stable at 10 Torr, and then, high-frequency power is applied 
between the opposing electrode 6 and the holding electrode 4. Between these 
electrodes, the reactive gas molecules are excited by the high-frequency power and 
reactions between gases become easy to occur. As a result, an SiCh film formed by the 
reaction between SiH 4 and O2, including P that is decomposed from PH3 gas, is formed 
on the surface of the quartz substrate 3 held and heated by the holding electrode 4. 
That is, the PSG film 14 is formed. The flow of PH 3 is controlled so that the amount 
of P that is included in the PSG film 14 is 4 weight%, for example, and the reaction time, 
that is, the time high-frequency power is applied, is controlled so that the film thickness 
becomes 1 um, for example (FIG. la). 

The PSG film 14 formed on the surface of the quartz substrate 3 at this time is 
not dense since the temperature of the quartz substrate 3 at the time of film formation is 
as low as 350 °C. However, the amount of impurities contained is sufficiently small, 
since highly dense reactive gases SiH 4 , 0 2 , and PH3 are used, and there is no 
contamination from the inner wall, the opposing electrode 6 or the like owing to the 
temperature as low as 350 °C in the film formation chamber 1. 

When the residual gas is exhausted by the exhaust pipe 9 and the degrees of 
vacuum in the film formation chamber 1 and the preliminary exhaust chamber 2 become 
equal to each other, the door 13 provided on the partition wall between these two spaces 
opens, the semiconductor substrate holder 11 on which the semiconductor substrates 10 
are placed is carried from the preliminary exhaust chamber 2 to the film formation 
chamber, and each semiconductor substrate 10 is set so as to oppose to each of the 
quartz substrates 3 under the holding electrode 4. 

Ar gas is introduced from an Ar gas introducing port 8, and high-frequency 
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power is applied between the sputtering electrode 5 and the holding electrode 4 
incorporating the magnet. At this time, sputtering using the quartz substrate 3 on the 
surface of which the PSG film 14 is formed, used as a target, is performed. Si, O, and 
P atoms which constitute the PSG film 14 are knocked out by accelerated Ar ions, fly to 
the surface of the semiconductor substrate 10 which is positioned so as to oppose to the 
target, and a PSG film 15 is formed again on the surface of the semiconductor substrate 
10. 

When the PSG film 15 with a desired thickness such as 0.5 um, for example, is 
formed, high-frequency power and Ar gas are stopped, and the residual gas is 
discharged from the exhaust port 9. After that, the door 13 opens and the 
semiconductor substrate holder 11 on which the semiconductor substrates 10 are placed 
is carried from the film formation chamber 1 to the preliminary chamber 2 and taken 
outside. 

When the PSG film 15 is formed by a sputtering method in the above-described 
way, Si, O, and P atoms knocked out from the quartz substrate 3 as a target have 
sufficiently high energy. Therefore, the PSG film 15 which is formed on the surface of 
the semiconductor substrate 10 where an underlying wiring is formed has good step 
coverage over the underlying wiring, and is dense enough to block moisture, impurities 
or the like from entering from the outside. In addition, the concentration of P in the 
PSG film 15 which determines the gettering effect with respect to alkali ions 
deteriorating the characteristics of the semiconductor device can be precisely controlled 
by controlling the PH 3 flow at the time of forming the PSG film 14 on the surface of the 
quartz substrate 3 by a CVD method. Furthermore, a highly pure reactive gas is used 
when forming the PSG film 14 on the surface of the quartz substrate 3 by a CVD 
method, and the temperature when forming the PSG film 15 by a CVD method or a 
sputtering method is low, so that impurities from the outside do not enter. Accordingly, 
the PSG film 15 has a significant feature that the content of impurities, which adversely 
affect the characteristics of a semiconductor device, is small. In this way, since an 
interlayer insulating film with good characteristics can be formed without performing 
heat treatment at high temperature, manufacture of a highly reliable LSI with high 
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density becomes easy. 

In addition, in this embodiment, when the PSG film 15 is formed on the surface 
of the quartz substrate 3 by a CVD method, a PSG film is also formed on the inner wall 
of the film formation chamber 1. Therefore, impurities such as metal ions can be 
5 prevented from coming out from the inner wall of the film formation chamber 1, when 
forming the PSG film on the surface of the semiconductor substrate 10 by a sputtering 
method later. Accordingly, this embodiment also has an advantage that the PSG film 
formed on the semiconductor substrate 10 is not contaminated. 

In the above-described embodiment, when forming the PSG film 14 on the 

10 surface of the quartz substrate 13 by a CVD method, a plasma-enhanced CVD method 
in which a reactive gas is excited by high frequency power is used; however, a CVD 
method in which thermal decomposition reaction is used or a photo-excited CVD 
method in which a reactive gas is excited by ultraviolet radiation may be used. In 
addition, as for a thin film formation apparatus, it is not necessarily required that a CVD 

15 method and a sputtering method are performed in the same film formation chamber 1 as 
in the embodiment. The quartz substrate 3 on which the PSG film 14 is formed by a 
CVD method may be carried to an adjacent chamber so that the PSG film 15 is formed 
on the surface of the semiconductor substrate 10 by a sputtering method there. 
Furthermore, as long as contamination from the outside is fully considered, after the 

20 PSG film is formed on the surface of the quartz substrate by a CVD method, the PSG 
film 15 may be formed on the surface of a semiconductor substrate 11 with the use of 
the quartz substrate 3 as a target in another sputtering apparatus. 

Although the method and apparatus for forming a PSG film used as an 
interlayer insulating film of a semiconductor device have been described above, the 

25 manufacturing method according to the present invention has great effects also in a case 
where a refractory metal thin film is formed for forming a gate electrode. Refractory 
metals such as Mo are expected as a gate electrode material of a high-density and 
high-speed LSI, since their electric resistance is two digits smaller, compared to 
polycrystalline Si which is conventionally used as a gate electrode. However, in a case 

30 where a thin film is formed by a sputtering method, a highly pure target is hard to be 
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obtained; and therefore, it is difficult to form a refractory metal thin film in which the 
amount of alkali ions and other impurities contained is small. And this is a major 
obstacle to the use of a refractory metal as a gate electrode. Thus, by using the thin 
film formation method of the present invention, a target having a refractory metal thin 
5 film in which the amount of impurities contained is small can be easily obtained, and a 
refractory metal thin film in which the amount of impurities contained is small can be 
formed by a sputtering method; therefore, a high-density and high-speed LSI with high 
reliability can be manufactured with a high yield. 
Effects of the Invention 

10 A dense thin film in which the amount of impurities contained adversely 

affecting a semiconductor device is small and which has sufficiently good 
characteristics even without conducting heat treatment at high temperature can be 
formed. 

4. Brief Description of the Drawings 

15 FIG. 1 and FIG. 2 are schematic cross-sectional views of a thin film formation 

apparatus for describing the thin film formation method of the present invention. 
3: quartz substrate, 4: holding electrode used when forming a thin film by a CVD 
method and a sputtering method, 5: electrode used in sputtering, 6: opposing electrode 
used in performing a plasma-enhanced CVD method, 10: semiconductor substrate, 14: 

20 thin film formed on the surface of a quartz substrate by a CVD method, 15: thin film 
formed by a sputtering method 
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